Abstract. Enhancing biological control in orchards is an efficient way to control insect pests. This study investigates the possibility of increasing biological control of spirea aphid by providing alternate food resources, in the form of peach extrafloral nectar, to adult Harmonia axyridis, its primary predator. Two pairs of apple orchards, each having one interplanted with 50% trees bearing extrafloral nectar and one a monoculture, were studied for aphid and predator populations from 1999 to 2005. There were no differences in spirea aphid or predator populations between interplanted and monoculture orchards. However, H. axyridis adults arrived earlier in the interplanted than in the monoculture orchards. In another apple orchard, the effect of peach extrafloral nectar on sentinel spirea aphid colonies surrounding a cluster of potted peach trees, or a cluster of apple trees as a control, was tested in 2007. Only the closest spirea colonies to the potted peach trees, trees within 3 m, showed an increase in biological control. Although there was some indication of enhancement of predation by adult H. axyridis on spirea aphids, adding alternative food resources in the form of peach trees bearing extrafloral nectar resulted in no detectable increase in biological control.
INTRODUCTION
Habitat management to increase conservation biological control has become a significant area of research (Landis et al., 2000) and has been proposed as a method to increase sustainability through enhanced biodiversity (Boller et al., 2004) . In apple, Malus domestica (Borkh.), orchards several researchers have demonstrated the potential for companion plants to increase biological control (Bugg & Waddington, 1994; Jenser et al., 1997; Stephens et al., 1998; Brown & Glenn 1999; Bostanian et al., 2004) . Enhancement of aphid biological control on apple has been accomplished with companion plants (Wyss, 1995; Brown et al., 1997) but other research has found no effect of companion plants on aphid populations (Gruys, 1982; Haley & Hogue, 1990; Brown & Glenn, 1999) . Interplanting species of fruit trees bearing extrafloral nectaries into apple orchards has also been suggested (Brown & Mathews, 2005) . The incorporation of extrafloral nectar sources for manipulating biological control has gained considerable interest in a number of systems (Wäckers et al., 2005) .
Spirea aphid, Aphis spiraecola Patch, has become the most abundant aphid on apple in eastern North America (Brown et al., 1995) . These aphids feed on young foliage and generally do not damage fruit, however, in high populations they can feed directly on fruit (Oatman & Legner, 1961) and reduce apple tree vigor (Hamilton et al, 1986; Kaakeh et al., 1992) . Adult Harmonia axyridis Pallas (Coleoptera: Coccinellidae) are the most effective predators of spirea aphid in West Virginia USA (Brown, 2004) since it first arrived in eastern North American apple orchards in 1994 (Brown & Miller, 1998 ). The effectiveness of adult H. axyridis is a result of its arrival early during the aphid colonization phase on apple, mobility and voraciousness (Brown, 2004) . Parasitoids of spirea aphid on apple in eastern North America are rare (Brown, 2004) . The present study was conducted to assess the possibility of increasing biological control of spirea aphid on apple by interplanting peach (Prunus persica Batsch) trees bearing extrafloral nectaries.
MATERIALS AND METHODS

Interplanting experiment
Experiments were conducted in research orchards that were not treated with insecticides, located at the Appalachian Fruit Research Station in Kearneysville WV, USA, from 1999 to 2005. The orchards were managed the same, and received standard horticultural treatments other than insecticides; including mowing, weed control, pruning, and fungicides for disease management. Spirea aphid abundance was studied in 4 orchards, 2 were apple monocultures paired with adjacent apple orchards interplanted with peach. The interplanted orchards had 50% of the trees as peach ("Loring") having extrafloral nectaries, and 50% apple ("Granny Smith" and "Royal Empire"). The paired monoculture for these interplanted orchards only had a mixture of the two apple species. These 4 orchards were planted in April 1997 and each was 0.5 ha in size. A commercially managed orchard with standard insecticide applications, also at the Research Station, with "Golden Delicious" planted in 1998 was also monitored for spirea aphid abundance as a chemical predator exclusion control. All orchards were within a 0.5 km radius and the paired monoculture and interplanted orchards were separated by a 10 m buffer strip.
The numbers of leaves infested with spirea aphid on 10 branches from 10 randomly selected trees were sampled from early May when aphids were first observed until the aphid infestation ended, usually by late June. Data were analyzed with a paired t-test to test for differences between populations in the interplanted and monoculture orchards (P = 0.05) using year as replication. A sign test was used to compare the date of first arrival between orchard pairs for adult H. axyridis (P = 0.10, the higher probability level was chosen due to the lower power of the test and fewer degrees of freedom) using year as replication.
Manipulation experiment
A 0.5 ha apple orchard ("Gala" and "Fuji") planted in December 2001, also located at the Research Station, was used to examine the distance at which peach extrafloral nectar affects biological control of spirea aphid. In the middle of one half of the orchard a cluster of 7 potted "Loring" peach trees were placed, the other half of the orchard had a cluster of 7 potted "Gala" apple trees in 2007. The number of potted trees was selected to mimic the relative area of tree foliage found on the surrounding orchard trees. Four sample trees were selected at each of 4 increasingly large concentric ovals from the potted trees. The first oval was made up of the immediately adjacent trees ranging 2.7 to 3.1 m from the potted trees. The second oval ranged 9.5 to 11.7 m, the third oval 13.4 to 20.0 m and the fourth oval 29.0 to 30.9 m from the potted trees. Ovals rather than circles were used due to tree spacing limitations within the orchard, trees within a row ranged from 2.4 m to 3.6 m and between row spacing was a consistent 4.8 m.
On each sample tree one leaf infested with greenhouse reared spirea aphids was placed on each of two branch tips and caged for 2 to 3 days. Once the sentinel colonies were established the cages were removed and number of aphids per colony counted. Counts were made daily for a week on all colonies recording the number of aphids per colony. For each replicate there were a total of 8 colonies in each oval for a total of 32 colonies surrounding the potted peach, another 32 colonies surrounded the potted apple trees. There were 4 replicates initiated on 15, 30 May and 12, 26 June; in two replicates the potted peach trees were in the north half of the orchard and in the other two replicates the potted apple trees were in the north half. No insecticides were used in this orchard during the course of the experiment. Data were analyzed using the Friedman rank test comparing the change in aphid population among the 8 treatments: 4 concentric ovals around the peach and 4 around the apple trees.
RESULTS
There were no consistent differences in population density of spirea aphids between interplanted and monoculture orchards. Abundance of spirea aphid in 2002, the year in which the largest number of observations was made, is presented in Fig. 1 . Spirea aphid populations in all 4 of the sampled orchards were very similar in 2002, and in all other sample years, with no one orchard or treatment being consistently different (paired t-test, P > 0.05). In the commercially managed orchard that was monitored, populations were consistently high, attaining an average of more than 6 infested leaves per branch each year.
It was noticed that H. axyridis adults, the most abundant predator observed, appeared in the interplanted orchard earlier than the monoculture orchard. Of the 12 paired data, 6 years with 2 orchard pairs (interplanted and monoculture) per year, adult H. axyridis were observed first in the interplanted orchards 6 times and first in the monoculture once. In the 5 other data pairs H. axyridis adults were observed to arrive at the same sample period in both orchards. This difference in first observation times was significant (sign test, d.f. = 7, P = 0.0625). The average date of the first arrival of adult H. axyridis in the interplanted orchard was 11 May and in the monoculture orchard 18 May.
There was a significant treatment effect in the concentric oval manipulation experiment (Chi Square = 15.83, d.f. = 7, P < 0.05). The inner oval comprised of colonies on trees adjacent to the potted peach trees had a significantly greater reduction in population than any other treatment (Fig. 2 ). There were no other treatment differences among the other concentric ovals around the potted peach trees or around the apple trees (Fig. 3) , tested with a Friedman test excluding the inner oval around the peach trees (Chi Square = 4.46, d.f. = 6, P > 0.25). The only predator that was abundant during this experiment was adult H. axyridis.
DISCUSSION
There were significant differences in some parameters of biological control as a result of the presence of peaches bearing extrafloral nectar. Harmonia axyridis adults were observed on apple branches earlier in the interplanted orchard than in monoculture orchards. The food provided by the peach extrafloral nectar may have kept these ladybirds in the orchard so that when spirea aphids migrated into the orchard H. axyridis adults were present and did Fig. 2 . Percent survival of spirea aphids sentinel colonies in concentric ovals around potted peach trees, day 1 is the day cage was removed and first count of aphids was made: first oval (nearest potted peaches), solid line and solid diamonds; second oval, short dashed line and solid squares; third oval, long dashed line and open triangles; fourth oval, long and short dashed line and "X". not need to respond from more distant habitats. Biological control of spirea aphid on trees immediately adjacent to potted peach trees, within 3m of the nectar source, was significantly greater than for spirea aphids on trees more distant from the nectar source or on trees at any distance from potted apple trees, which provided no additional food resources (Figs 2, 3) .
However, there was no effect of the presence of extrafloral nectar on biological control in the larger orchard experiment. Harmonia axyridis adults are such good predators of spirea aphid on apple that they are capable of providing adequate control without habitat enhancement (Brown & Miller, 1998) . In this study, even the highest population of spirea aphid in the interplanted or monoculture orchards was below the action threshold of 4 infested leaves per branch (Hogmire, 1995) . The commercially managed orchard that kept H. axyridis and other predators from being effective exceeded the action threshold for spirea aphid control several times per year. Since the arrival of H. axyridis, adult ladybirds have been able to provide adequate control of spirea aphid when not interfered with by the use of insecticides (Brown & Miller, 1998; Brown 2004) .
There may be another factor contributing to the lack of effectiveness of interplanting nectar-providing peach trees for enhancing aphid biological control in apple orchards. A laboratory study showed that over a period of 4 hours, there was less biological control of spirea aphid in the presence of peach shoots bearing extrafloral nectar than in the presence of no additional food sources or in the presence of buckwheat flowers (Fagopyrum esculentum) (Spellman et al., 2006) . We also found that interplanting 50% of an apple orchard with extrafloral nectar-providing fruit trees reduced the amount of biological control of rosy apple aphid (Dysaphis plantaginea) by adult H. axyridis in a field test (Brown & Mathews, 2007 ). An abundance of alternate food sources for H. axyridis can, therefore, result in less biological control through interference of host finding or satiation on non-aphid food.
Although adult H. axyridis is a very effective predator of spirea aphid on apple, there was some evidence of enhancement of biological control by the providing of alternate food resources in the form of peach extrafloral nectar. The inability to demonstrate an increase in actual biological control of spirea aphid may be due to the high mobility and voracity of adult H. axyridis or interference from too many alternate sources of food. Another contributing factor is that biological control is an ecosystem service provided by the ecosystem as a whole (Boller et al., 2004) . The difficulty in analyzing the effects of ecosystem services is that the service is provided by all the interactions of the ecosystem as a whole. By separating the various components contributing to the service, the overall interaction can be affected by more than the effects of the single component being tested. Manipulation of ecosystems to enhance biological control, or other ecosystem services, needs to be investigated in a more holistic method, studying the effects of entire systems rather than each component independently.
